As a pathologist with interest in lung diseases, who has over a period of ]0 years been involved in a series of experimental investigations of the effects of irritants on the lungs of rats (Lamb & Reid, 1968 , I returned to animal experimental work in 197] after a gap of several years. On learning that several commercial Laboratory Animal Centre Accredited Breeders offered 4-star rats, 1 assumed tbat these would be suitable for my purposes. This has not been the case, and I have spent over a year screening rats from a variety of sources to find a supply consistently free from what I considered to be the histological changes of infective lung disease. This paper is based on the experience gained from the histological examination of the lungs of over 200 rats from 9 SPF sources between December 1972 and July 1973. I will not identify individual sources except to say that most major breeders were included and that 5 of the 9 sources had 4-star accreditation at the relevant time.
All rats, except an occasional old breeder, weighed between 170 and 250 g and were delivered in filter boxes. They were killed on arrival by intraperitoneal injection of pentobarbitone sodium. Lungs were fixed by inflation with formol saline. Sections were cut longitudinally down the left main bronchus and randomly across the right lung. The histological findings fell into 4 groups:
1. Apparently normal lungs, consistently found in animals from 2 sources only;
2. aggregates of lymphocytes around major airways ('cuffing') with invasion and destruction of the overlying epithelium in the more severe cases ." 3. extension of lymphocytes to involve the tissue around small blood vessels and airways in the periphery of the lung (Fig. 3A & B ). The earliest change is the appearance of oedema with a scattering of lymphocytes in the vascular sheath. These appearances were often associated with severe lymphocytic cell cuffing of the major airways, but could occur in the absence of severe cuffing. This involvement of the peripheral lung with lymphocytes almost invariably seemed to herald a progressive, clinically obvious decline in a colony, which may take several months.
Animals from 6 sources showed these changes;
4. progression of perivascular lymphocyte infiltrate to frank pneumonitis, a true inflammation of the alveolar portion of the lung (Fig. 4A, B & C) . This was present in animals from 3 sources. The changes are often more severe in older animals, for example a group of 200 g rats showed early peripheral extension (Fig. 3A ), but the breeding females from the same colonies showed a more marked picture ( Fig. 4A & B) .
Though there is doubt about the significance of small numbers of lymphocytes in rat lungs, lymphoid aggregates with germinal centres and lymphocytes migrating across the bronchial epithelium are abnormal.
Peripheral extension of lymphocytes and pneumonitis are evidence of infection. 
PATTERNS OF HISTOLOGICALLY-EVIDENT LUNG DISEASE
At least 2 main syndromes appear to be associated with severe peripheral lung disease in rats. With severe lymphocyte cuffing of the proximal airways there is damage to the epithelium and narrowing of the airway lumen, at this stage frank pus may appear in the lumen, and collapse and consolidation of the distal respiratory portion of the lung may follow. Abscesses in the form of bronchiectatic cavities can develop in these collapsed areas.
In contrast to this 'conventional' rat bronchiectasis, peripheral perivascular cuffing progresses to a patchy pneumonitis of predominantly interestitial type, initially involving alveolar walls rather than their lumen.
The main cellular infiltrate is of lymphocytes and plasma cells; polymorphonuclear leucocytes are uncommon.
A true purulent pneumonia is not part of this syndrome even in older animals.
The predominant form of lung lesion found in rats from SPF colonies is the peripheral perivascular lymphocyte cuffing with progression to pneumonitis. No animal from an SPF source showed a purulent bronchiectasis of the 'oldfashioned' type, though this variety of lung disease was seen in animals from 'conventional' colonies. . C. Gross perivascular cuffing and early pneumonitis in a characteristic subpleural position. Visible macroscopically as a firm white plaque on the surface of the inflated lung. Note predominantly perivascular infiltrate at the periphery with sparing of airways. Line represents 500 11m.
NATURAL HISTORY OF THE CHANGES OBSERVED
Lymphocyte cuffing around larger airways may remain stationary or gradually progress in extent, often over many months.
Peripheral perivascular lymphocyte infiltration, with or without perivascular oedema, was seen to progress over weeks or months to pneumonitis.
Sequential sampling of a colony failed to show regression of the lesions.
EFFECT ON THE USE OF ANIMALS
Due to the effect on the bronchial epithelium animals with moderate and severe lymphocyte cuffing around the airways are unsuitable for a whole range of investigations into the respiratory epithelium, while perivascular cuffing and pneumonitis prohibits investigations of the respiratory portion of the lung. The field of research affected includes studies on atmospheric pollution, tobacco smoke, industrial diseases (coal dust, silica dust, asbestos dust) and initiation of carcinoma of the lung. Immunological investigations may be affected by the marked lymphocyte proliferation and by the presence of germinal centres.
I would myself consider animals with lung disease unsuitable for any longterm experiments, even for non-pulmonary research. Cheng, 1955; Kohn & Kirk, 1969; Brennan, Fritz & Flynn, 1969a, b; Ganaway & Allen, 1969; Lindsey, Baker, Overcash, Cassell & Hunt, 1971) , there is also evidence for a viral component in chronic respiratory disease of rats (Nelson, 1962; Joshi, Dale & Blackwood, 1965; Newberne, Salmon & Hare, 1961) .
In the present study the evidence for a viral infection is circumstantial: a) SPF colonies, especially those with LAC accreditation, are carefully checked for mycoplasma and Pasteurella pneumotropica, the probable nonviral causes; b) animals from gnotobiotic colonies, in which bacteria and mycoplasmata are rigorously excluded, showed similar cuffing of airways by lymphaytes and peripheral extension into the lungs (Fig. 5A & B) ; c) the possibility of the changes being due to non-infective antigenic stimuli from bedding or diet may be excluded by the observed absence of such changes in rats from some isolators, although the food and bedding were similar in all of them; changes of chronic respiratory disease in rats (Lindsey et al., 1971) , and my experience confirms this. It would certainly be helpful if histological examination of longitudinal sections of airways always formed part of routine quality control of the rat.
CONCLUSIONS
From this study it appears that the prqblem of chronic respiratory disease in rats is still widespread in SPF units, though perhaps the old-fashioned, riproaring rat bronchiectasis has been eliminated.
It seems unfortunate that despite an independent assessment of commercial breeders and 4-star accreditation the onus for testing animals for such an important lesion as lung disease should still fall on the purchaser.
What can be done?
1. Earlier identification using histological screening;
2. Sampling at frequent intervals, of both old and young animals;
3. Decide whether such ubiquitous changes should be excluded from a 4-star or SPF rating.
Further research into the problem.
Mycoplasma and Pasteurellapneumotropica may not be the only important aetiological agents of chronic lung disease of rats. Further research is needed on the aetiology and natural history of such conditions, which are an embarrassment and source of financial loss to breeder and research worker alike.
